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ABSTRACT 
Manned orb i t ing  stopover round t r i p s  t o  Venus are studied f o r  departure 
da tes  between 1975 and 1986 over a range of t r i p  times ard s tay  times. 
of highly e l l i p t i c  parking o r b i t s  a t  Venus leads t o  low i n i t i a l  weights i n  
Earth o r b i t  compared with c i r cu la r  orbi ts .  
e f f e c t  of cons t ra in ts  on the  low a l t i t ude  observation t i n r e  on the i n i t i a l  
weight i s  shown. 
chemical propulsion, but advanced chemical or  nuclear propulsion can give l a rge  
weight reductions. 
weights than the  corresponding Mars mission. 
The use 
For the  e l l i p t i c  parking orb i t ,  the 
The mission can be accomplished with t h e  Apollo l e v e l  of 
The Venus orbi t ing mission can be do= for lower i n i t i a l  
SUMMARY 
Venus i s  our nearest  planetary neighbor and i s  an in t e re s t ing  object  far 
s c i e n t i f i c  exploration following the manned lunar  landings i n  the e a r l y  1970s. 
I n  t h i s  paper manned orb i t ing  stopover round t r i p  missions t o  Venus are studied 
for  t h e  1975 t o  1986 time period f o r  t r i p  times ranging from 360 t o  660 days, 
s t ay  times up t o  100 days, f o r  Venus parking o r b i t  eccen t r i c i t i e s  f r o m  0 t o  
1.0, and several  l eve l s  of propulsion technology. 
An e l l i p t i c  parking o r b i t  (eccent r ic i ty  w 0.9) w a s  found t o  b e  e s s e n t i a l  
t o  achieving low i n i t i a l  weights i n  Earth o rb i t ,  and 1980 was found t o  be the 
most d i f f i c u l t  launch year .  I n  1980 with an e l l i p t i c  parking o r b i t  and f o r  t he  
Apollo level of propulsion technology, t h e  m i n i m  i n i t i a l  weight i n  E a r t h  orbi 
i s  estimated t o  be 1.5 x 106 l b s  f o r  a t r i p  of 565 days durat ion with 40 days 
s tay  a t  Venus. 
f o r  a lo$ increase i n  weight e 
Trips as shor t  as 400 days ard wi th  a 20-day stay are possible 
The i n i t i a l  weight can be reduced by as much as 50% by using a nuclear 
rocket f o r  t h e  Earth departure maneuver, and high energy chemical propel lants  
f o r  t he  Venus a r r i v a l  and departure maneuvers. 
An e l l i p t i c  o r b i t  of eccent r ic i ty  = 0.9, ard having 40 days s tay at Venus 
provides a t o t a l  time of 2 days spent below an a l t i t u d e  of 3 Venus r a d i i  above 
the  Venus surface. Data of this type  helps t o  specify the  on-board equipment 
needed t o  gather observational information about t h e  planet  surf ace. 
s t r ingent  observation requirements i n  terms of longer tims at lower a l t i t u d e s  
can cause la rge  imreases i n  the  i n i t i a l  w e i g h t  i n  Earth o r b i t .  
o rb i t ing  mission can be done f o r  about a 40 percent lower initla1 weight than a 
M a r s  o rb i t ing  mission. 
More 
The Venus 
INTRODUCTION 
Venus, our nearest  planetary neighbor, i s  about t h e  sam? s i z e  as Earth and 
has a dense atmosphere. Despite i t s  closeness, l i t t l e  i s  known about Venus 
because i t s  surface i s  completely covered by a layer of dense clouds. 
s c i e n t i f i c  objectives f o r  studying Venus are discussed i n  ref .  1. 
est ing t o  note t h a t  contemporary s c i e n t i f i c  opinion, r e f .  2 ,  Qes  not r e j e c t  
t h e  p o s s i b i l i t y  t h a t  som form of life could have developed on Venus, and tha t  
there  m a y  be su i t ab le  si tes for a manned landing. 
of great  s c i e n t i f i c  i n t e r e s t .  
The major 
It i s  in t e r -  
In general, Venils fs a p lane t  
2 
Mars i s  the  next c loses t  planet ,  Compared with Venus, it i s  much smaller, 
one-eighth the mass, and has an atmosphere about 1/30 t h a t  crf t h e  Earth. 
cause of its ' s m a l l  mass, a vehicle f o r  men t o  land and take o f f  f r o m  Mars is of 
reasonable s i ze  when chemical propulsion systems are used. Also, t h e  surface 
conditions i n  terms of winds and temperatures can be estimated ard appear t o l e r -  
able. Thus, a manned landing on Mars can be considered. I n  cont ras t ,  l i t t l e  i s  
known of the  surface conditions a t  Venus, a d  t h e  l a r g e r  mss of Venus makes a 
manned landing and takeoff system appear extremely d i f f i c u l t  and heavy. Thus, 
only an orb i t ing  mission t o  Venus i s  considered here. 
Be- 
It i s  the object ive of t h i s  report  t o  study the t r a j e c t o r i e s  and vehicle 
weights f o r  manned orbi t ing stopover round t r i p s  t o  Venus a d  t o  discuss  the 
data  gathering cha rac t e r i s t i c s  of  such a mission. Important t o  achieving a 
low i n i t i a l  weight i n  Earth o r b i t  f o r  t h e  Venus mission i s  the use  of an 
e l l i p t i c  parking o rb i t  at Venus. Ear l ie r  s tud ies  o f  the use of an e l l i p t i c  
parking o r b i t  (e.ge9 ref. 3)  have several  deficiencies:  
Venus a r r i v a l  o r  departure maneuvers; they neglected t h e  in te rac t ion  between 
the  planetocentric and he l iocent r ic  t r a j ec to r i e s ;  and no consideration was 
given t o  t h e  observation charac te r i s t ics  of t h e  e l l i p t i c  parking o rb i t .  The 
present repor t  accounts f o r  these factors  
T h y  used i n e f f i c i e n t  
Several  c r i t e r i a  are used t o  Judge the  merit o f  a s c i e n t i f i c  space missions 
t h e  i n i t i a l  weight i n  Earth o rb i t ,  the t o t a l  t r i p  time, and t h e  useful informa- 
t i o n  obtained. While several  observation cha rac t e r i s t i c s  are considered, an 
important one i s  r e l a t ed  t o  the  f a c t  tha t  Venus i s  cloud-covered. It i s  l ikely 
t h a t  one important p a r t  o f  the mis s ionwi l l  be r e l a t ed  t o  electromagnetic mea- 
surements such as radar  mapping of t h e  Venus surface. The equipment f ap , anl 
t h e  resolut ion o f ,  the mapping w i l l  depend on the range t o  the surface and the 
time available.  Thus, t he  t ime b e l e w  a specif ied a l t i t u d e  above the surface of 
Venus i s  one of t h e  observational parameters evaluated. 
The payloads assumed herein are most su i t ab le  for manned missionsj however, 
t h e  t rends shown are applicable t o  unmanned mund t r i p s .  The e f f e c t s  of the 
e l l i p t i c i t y  of the Venus parkirg are relevent a l s o  t o  one way probes. 
The present analysis  considers manned Venus orb i t ing  round t r i p s  from t h e  
years  1975 t o  1986, f o r  t o t a l  t r i p  t i m e s  o f  360 t o  660 days, a rd  f o r  s tay  times 
up t o  100 days., 
f rom 0 t o  P,O and the  propulsion system from the Apollo l e v e l  of chemical propul- 
s ion  t o  t h e  nuclear rocket are showne 
The ef fec ts  of varying t h e  Venus parking orb i t  eccent r ic i ty  
SYMBOLS 
D d i r e c t  o r b i t a l  motion 
F t h r u s t  
h slant range from spacecraft  t o  surface of Venus 
R retrograde o r b i t a l  motion 
3 
1" radius  
T time 
V ve loc i ty  
n v  cha rac t e r i s t i c  propulsive velocity increment 
W weight 
5 t m e  anomoly ( f i g .  2) 
8 turning angle ( f ig .  a) 
parking o r b i t  o r ien ta t ion  angle ( f ig .  2 )  
hel iocent r ic  t r ave l  angle ( f ig .  1) Y 
Subscripks s 
a apoapsis 
CM command module 
E Earth entry 
i3 gross 
H he l iocent r ic  veloci ty  vecotr 
3et t  j e t t i s o n  
L payload 
obs observation 
P periapsfs  
prop propel lant  
9 stay 
(B Ekrth 
a3 
9 Venus 
planetocentric veloci ty  vector a t  the sphere of influence 
1 Earth departure 
\ 
'~ 
'\ 
I 
F 
L i  
2 Earth/Venu., midcourse 
1%; 
3 Venus a r r i v a l  
4 
4 Venus departure 
5 Venus, Earth midcourse 
6 Earth a r r i v a l  
ANALYSIS 
The general  approach t o  the analysis i s  discussed here. Deta i l s  o f  t h e  
numerical procedures may be found i n  the  references indicated.  
Trajector ies  and AVs 
The general  mission analyzed i s  shown i n  f i g .  1. 
t o  begin i n  a 400-mile-altitude o r b i t  about Earth, point 1. 
from Earth,  a midcourse correct ion is applied a t  point  2. 
t he  vehicle  decelerates  i n t o  an e l l i p t i c  parking o r b i t  a d  gathers  informa- 
t i o n  about Venus. 
cor rec t ion  i s  applied a t  poin t  5 ,  and atmospheric braking i s  used at  Earth 
return,  point  6. 
The mission i s  assunred 
After departing 
A t  Venus (point 3 )  
The vehicle then leaves Venus, point 4, a midcourse 
Several kinds of t r a j ec to ry  prof i les  were considered. 
guished by whether t h e  Earth-to-Venus hel iocentr ic  t r a v e l  angle 
than l8O0 (type I) or  greater  than 1800 (type 11). 
fea ture  is whether t he  motion of t h e  vehicle i n  i t s  parking w b i t  about Venus 
is d i rec t ,  9,  ( fee . ,  used here t o  mean the  sam motion as Venus about the sun> 
o r  retrograde, Re Thus, a type l1-R’ t ra jec tory  i s  one with an outbound l e g  
of less than 1800 and a retrograde motion parking o r b i t .  
yield the  lower i n i t i a l  weight i n  Earth o r b i t  are sought. 
These are  d i s t i n -  
i s  less 
Another distinguishing 
Trajector ies  that 
The cha rac t e r i s t i c s  of the interplanetary t r a j e c t o r i e s  i n  t e r n s  o f  pro- 
The planets a re  assumed t o  b e  i n  e l l i p t i c  o r b i t s  
pulsive AVs, t r a v e l  angles and t r a v e l  t ims  were ca lcu la ted  by the  successive 
two-body method of r e f  4. 
i n  mutually incl ined planes. (The plane inc l ina t ions  are not shown i n  f i g .  1 
t o  keep t h e  figure simple.) The e l l i p t i c  parking o r b i t  a t  Venus w a s  of spec ia l  
i n t e r e s t  i n  t h i s  study. 
veloci ty  vector VH 
t he  Venus sphere of influence gives the hyperbolic excess veloci ty  V, refaeve 
t o  Venus. 
ture V, 4 are the  boundary conditions fo r  t he  Venus capture-parking orbi t -  
escape sequence t h a t  is i l l u s t r a t e d  i n  f i g .  2 .  
exis of the  parking e l l i p se ,  de f j  rled by ), 3,  ard t h e  t r u e  anomalies o f  the 
a r r i v a l  and departure maneuvers ‘Q3 and? 4 respect ively)  that yield a m i n i m u m  
propulsive AV or  a minimm vehicle weight can be found using a systematic 
search such as t h a t  discussed i n  r e f .  5 .  
The difference between t h e  vehicle he l iocent r ic  
(see f ig .  1) and t he  he l iocent r ic  ve loc i ty  of Venus 0 at 
These hyperbolic excess ve loc i t ies  at  Venus arrival V c b 3  a d  depar- 
The o r i en ta t ion  of t h e  major 
Assumpt%ons 
Inputs.- Table I shows the  s t ruc tu ra l  and propulsion system weight frac- 
t ions ,  propulsion system spec i f ic  impulse and AV reserve allowances fur each 
s tage and f o r  t h e  .i;hree technology leve ls  considered. For the  t'Apollon case, 
t h e  stage parameters were extracted f rom t h e  Ti tan and Saturn design da ta  
presented i n  references 6 and 7. The o t h e r  values w e r e  selected t o  span the  
range from frpessimisticw t o  noptimisticw f o r  high t h r u s t  systems i n  the decade 
beginning i n  1975. 
reserves were computed t o  provide 2lO-day launch windows for bath Earth ard 
Venus departure and t o  correct f o r  representative guidance errors .  
Gravity loss  AV allowances were derived from ref. 8; other 
Table I1 shows t h e  basic payloads. The Earth-return items are t h e  same 
ones used i n  r e f .  9. Venus payloads were selected with t h e  idea tha t  at least 
an order of magnitude more apparatus should be available f o r  a manned mission 
than f o r  a probe. 
Vehicle Configuration, - Tandem staging was selected because it y ie lds  
both good mission performance and abort capabi l i ty .  Earth o r  space s torable  
ra ther  than deep cryogenic propellants were used f o r  a l l  except- t h e  Earth- 
departure s tage because preliminary calculat ions (not i l l u s t r a t e d  here) 
indicated only a few percent weight penalty f o r  doing so. 
problem of furnishing lightweight , long term thermal and meteroid pro t ec t ion  
f o r  bulky l i qu id  hydrogen tanks is by-passed. 
I n  re turn,  t h e  
Observational C r i t e r i a  
The present study considers only orbi t ing the  crew at  Venus, ratl-er than 
landing them on t h e  surface as is frequently assumd for t h e  Mars mission, 
Information gathering a t  Venus will thus depend on  t h e  transmission a f  s igna l s  
from the Venus s-mface t o  the s p x e c r a f t  or  r e f l e c t i o n  of s igna ls  er iginat ing 
on the  spacecraf t  f r o m t h e  Venus surface back t o  the s p c e c r a f t .  Some of the  
f ac to r s  l imi t ing  such transmission are i l l u s t r a t e d  i n  f ig.  3 .  
condition is t h a t  t h e  point t o  be observed mst be i n  t h e  l i n e  o f  s i g h t  of t he  
spacecraft ,  f i g .  3 (a) ,  
surface points located d i r ec t ly  below the apoapsis of t h e  o r b i t ,  but  these  
involve the  longes t  t ransmisdon distances.  These long dis tances  may b e  accept- 
able f o r  probes sen t  t o  t h e  surface t o  transmit data  t o  the s p c e c r a f t .  
The simplest  
The longest times available for observation occur f o r  
FOP observations l i k e  radar mapping, which depend on s ignals  re f lec ted  
from t h e  surface, t h e  surface resolution obtainable with a given radar  instru- 
ment depends both on t h e  range t o  the surface and t h e  time avai lable ,  with 
I short  ranges and long times being desirable ,  
Fig. 3(b)  i l l u s t r a t e s  the  port ion o f  an e l l i p t i c  o r b i t  below a limiting 
range hmm t h a t  gives acceptable resolution, arrl t h e  corresponding p l a m t  sur- 
face area v i s i b l e  from ranges less t h a n  hmaJc. 
cons t ra in ts  on the  time below specified values o f  hma.  
evaluation, the  effect  of imposing such cons t r a in t s  on the t r a j ec to ry  would be 
balanced against  the cos t  of providing mare powerful or  heavier observational 
equipment .,
The present  study considers 
For a complete mission 
\ 
\ 
6 
The t r a j ec to ry  computer program o f  ref . 10 was extended t o  include t h e  
e l l i p t i c  parking o r b i t  ca lcu la t ions  and vehicle weight c a l cu la t i  ons ref erred t o  
earlier. 
f ind  those t r i p s  t h a t  gave a m i n i m u m  i n i t i a l  weight i n  Earth o rb i t  for spec i f ied  
cons t ra in ts  such as s t a y  time or observation time a t  Venus. 
Also, an automatic numerical search procedure, re f .  11, w a s  added t o  
REscnTS AND DISCUSSION 
Firs t ,  the  se lec t ion  of t h e  Venus parking o r b i t  and the e f f e c t s  of observa- 
t i o n a l  cons t r a in t s  at  Venus are discussed. 
t r a j e c t o r y  type, propulsion system, and launch d a t e  are preserrted. Final ly ,  a 
comparison is  m a d e  between s imi l a r  Venus and Mars missions. 
Next, t h e  e f fec ts  of  t o t a l  t r i p  time, 
Select ion of t he  Venus Parking Orbi t  
Ef fec t  of park- o r b i t  eccentricity.-  Bath AV and observational require-  
ments ind ica te  t h a t  the parking o rb i t  periapse radius  rp should be as Pow as 
possible (e.g., rp = 1.1 r ). 
s i z e  and shape of t h e  orbi?. 
t i o n a l  cons t ra in ts ,  i s  shown by t h e  dashed curve i n  f i g .  4. 
The eccent r ic i ty  e then completely spec i f i e s  t h e  
The e f f ec t  of this parameter, neglecting observa- 
The i n i t i a l  gross weightWgl i s  plot ted against  e f o r  type I-R t r a j e c t o r i e s  
i n  1980, with a stay t i m e  of 20 days and t h e  optimum t r i p  t i m e ,  which var ies  
from 410 t o  U O  days. The Apollo technology level (Table I) and payloads of 
Table I1 were used i n  t h i s  example. The W g l  decreases from 9 x 106 Ibs a t  e = 0 
(a  low circular parking a r b i t )  t o  about 1.5 x 106 l b s  as e i m r e a s e s  toward l oo ,  
a 6:l weight reduction. 
weight i s  c l ea r ly  evident. 
The powerful e f f ec t  of parking o r b i t  e l l i p t i c i t y  on 
Effect of observational constraints.-  While h r e a s i n g  eccent r ic i ty  is 
bene f i c i a l  f rbm a vehicle weight point  o f  view, it i s  detrimental t o  some 
observational propgrties of t h e  o rb i t .  
t h e  time i n  o r b i t  i s  a t  high a l t i t u d e s  above Venus. 
pose a problem f o r  such observations as radar  mapping because, f o r  at leas t  
some types of  mapping, the  received signal s t rength i s  t h e  transmitted s igna l  
s t rength  attenuated by the four th  power of  t h e  a l t i t u d e  above Venus For such 
measurements t he  low a l t i t u d e  port ion o f  t h e  o r b i t  is  most useful;  but, far 
highly eccentr ic  o rb i t s ,  t he  t ime a t  l o w  a l t i t u d e s  i s  limited.  
f o r  an eccen t r i c i ty  of 0.98 the  period o f  t h e  o r b i t  i s  about 40 d q s ,  a typ ica l  
stay time at  Venus. 
of Venus, and the  time below 3 Venus r a d i i  i s  only several  hours. This is only 
A t  high eccent r ic i t ies ,  a l a rge  pa r t  of 
These l a r g e  dis tances  can  
For example, 
I n  t h i s  case the vehicle would make only two c lose  passes 
I slightly bet ter  than a non-stop f lyby mission. 
To j u s t i f y  a stopover, it i s  f e l t  t h a t  t h e  low a l t i t u d e  observation time 
should be much b e t t e r  than f o r  a flyby. 
of a day o r  two w i l l  be considered as constraints .  
cons t ra in t  t h a t  Tabs Z 2 days f o r  a specified value of h m a  leads  t o  a preferred 
value f o r  t h e  parking o r b i t  eccentr ic i ty .  
obtained by shor t  s t ay  times at Venus a t  low parking o r b i t  eccen t r i c i t i e s ,  or  by 
long s t ay  times a t  high parking o r b i t  eccen t r i c i t i e s .  
give high propulsion requirements a t  Venus because of the l o w  parking o r b i t  
eccent r ic i ty .  The la t te r  case tends t o  give high AVs a t  Venus becaarse the 
s t ay  time becomes long. 
Hence, low a l t i t u d e  observation times 
The e f f e c t  of adopting a 
The specif ied time Tabs can be 
The f a r m e r  case tends  t o  
There i s  thus a ' t rade-off '  t h a t  can be made as a 
7 
i funct ion of parking o r b i t  eccent r ic i ty  based on minimizing the  i n i t i a l  w&@t 
Based on t h i s  example, the remaining discussion w i l l  u se  values of e = 0.9 
a t  T, 5 20 days, which corresponds t o  Tabs 2 1 day f o r  hmm - 3r,. 
two items now impose requirements on the observation equipment. 
The last 
Variations from Nominal M i s  s ion  
The preceding example d e a l t  with the I-R type t r a j ec to ry  u ro f f l e ,  used t h e  
The following is a discussion o f  t h e  e f f e c t  of these parameterso 
Apollo l e v e l  of propulsion technology, a d  w a s  f o r  a n  optimum t r i p  tim, launched 
i n  1980. 
L ?  
Effect of t r i p  time.- M i n i m u m  initial gross w e i g h t  i s  p lo t t ed  against t r i p  
time i n  f ig .  5 f o r  T, 2 20 days and e = 0.9. The upper curve,corresponding t o  
t h e  'Apollo technology',will be discussed first; however, a l l  t h e  curves show 
the  same trends.  
gives t h e  lower weights f o r  t r i p s  of l e s s  t h a n  470 days.  The minimum weight f o r  
t h e  I - R  p r o f i l e  occurs at  440 days, although the t r i p  time can be reduced t o  380 
days before t h e  weight increases  sharply. 
Venus e 
O f  t h e  two types o f  prof i les  shown, I -R  and 11-D,  t h e  former 
These t r i p s  611 have 20 days s t a y  a t  
For t r i p s  longer than 470 days the I I - D  p r o f i l e  gives the  lower weights, 
In this range a€ t r i p  time3 the  s t a y  tZme 
For t r i p  times between 500 and 620 days t he  weights are up t o  10% less than 
minimum value fo r  t h e  I -R  profile, 
f o r  minimum weight occurs for vdailes greater  t f m  20 days. The cverdtl mbfmum 
weight t r i p ,  point A, occurs at 565 days t r i p  t i m e ,  f o r  which the  stay time fr3 
about 4d days, For this case, t h e  s tay t h e - t o - i n i t i a l  weight r a t i o ,  which my 
be roughly equated t o  t h e  mission value t o  cos t  r a t i o ,  i s  twice t h a t  for  t he  
440 day I-R t r i p .  
It i s  of i n t e r e s t  t o  no te  t h a t  the 1 1 - D  t r a j e c t o r i e s  have optimum stay 
times of  around 40 days, while t h e  I-R (were it not  f o r  t h e  cons t r a in t  T s Z  20 
days) would minimize a t  Ts - 0. 
maneuver/elliptic orbit/escape maneuver sequence at  Venus ( r e c a l l  f i g  
depends as much on t h e  angle 8 from VO03 t o  V O O ~  as on t h e  magnitudes of these 
vectors.  
increase and a lso  causes 8 t o  depart  fa r ther  from i t s  optLmum value, 
1 1 - D  (and I-D) t ra jec tory ,  while increasing Tstw also  causes V, 3 ani Vco ), t o  
increase, 8 moves toward i t s  optimum value, These opposing e f f e c t s  for t h e  
1 1 - D  t r a j ec to ry  r e s u l t  i n  a minimum value of  i n i t i a l  weight f o r  a stay t ime 
grea te r  than zero. 
This is because theAV f o r  t h e  capture  
2 )  
For  I - R  t r a j ec to r i e s ,  a n i m r e a s e  i n  Ts c a s e s  these magnitudes t o  
Far t h e  
For a l l  t h e  vehicles represented in  f i g .  ), t h e  atmospheric entry ve loc i ty  
a t  Earth r e tu rn  i s  less than 48,000 fee t  per  second. 
Ef fec t  of  propuisfon system techns1opy.- The upper carve cf f i g .  5 gave 
t h e  weights f o r  t h e  Apollo l e v e l  of pmpulsion technology. A m i n i m u m  weight  o f  
8 
about 1.5 x 106 l b s  occurs a t  565 days t r i p  time, point A.  
of t h i s  vehicle,  a weight breakdown, and AV d i s t r ibu t ion  a re  presented i n  
f i g .  6. This vehicle, as  mentioned before, uses  an 02 - H 2  Earth departure 
s tage which i s  very s i m i l a r  t o  t he  S-I1 stage; it i s  l i k e l y  t h a t  t h i s  s t age  
(S-11) could be used f o r  t h e  present purposes without major modification. The 
two s tages  f o r  the  maneuvers t o  a r r ive  ard depar t  Venus are s o  similar i n  s i ze  
(note the  a r r i v a l  and departure propellant wei&ts) t h a t  one s tage  design could 
satisfy both requirements. 
A conceptual sketch 
Returning t o  fig. 5 ,  the  next curve down (dotted) represents advanced 
chemical vehicles  with a deep cryogenic (OF2  - H 2 )  Earth departure stage and 
space-storable ( O F 2  - CH4)  upper stages. 
ance values thu 
The higher propulsion system perform- 
obtained (c .f. Table I) lead t o  minimum gross weights of  
around 1.0 x 10 8 lbs ,  a 33% reduction from the  Apollo l eve l  of technology. 
A l a r g e  nuclear rocket engine i s  now being developed f o r  advanced space 
missions. Using a nuclear rocket stage f m  the r e l a t i v e l y  high A V EarLh- 
departure maneuver, with Apollo-level chemical upper s tages  , le ads t o  even 
lower weights than the a l l  advanced-chemical case. 
dashed curves on f ig .  5. 
t i o n  t o  about 650,000 l b s  i s  available by combining a nuclear Earth-departure 
stage and advanced chemical upper stages. 
curve on f i g .  5. 
This i s  shown by the  
The minimum weight i s  800,000 l b s .  A f i r t h e r  reduc- 
This i s  i l l u s t r a t e d  by t h e  dot-dash 
Effect of departure year.- In  f i g .  7, the  i n i t i a l  g ross  weight. i s  p lo t ted  
Two against  launch dates from 1975 t o  1986 f o r  the  Apollo l eve l  af technology, 
t r a j ec to ry  p ro f i l e s  are considered, I - D  and 1 1 - D .  
i s  t h e  one t h a t ,  f o r  e l l i p t i c  parking o r b i t s  and a specified t o t a l  t r i p  the, y ie lds  
s tay  times f o r  minimum in i t i a l  weight t ha t  are 20 days or greater ,  as WdLy shown 
i n  f i g .  5.  The ca lcu la t ions  f o r  f i g .  7 were made by se lec t ing  a s t a y  t i m e  of 
40 days and then f inding t h e  t o t a l  t r i p  time that minimized the i n i t i a l  gross 
weight. 
from 450 t o  480 days; and f o r  t h e  1 1 - D  p ro f i l e ,  t he  square symbols, f ron  530 
t o  565 days. If one s e l e c t s  the type  of  p rof i le  that y ie lds  the  l w e r  weight 
with the condition tha t  t he  time between launch opportuni t ies  n o t  exceed two 
years ,  then t h e  t r i p s  numbered 1 through 8 i s  the sequence of bes t  t r i p s ;  and 
of these, t h e  t r i p  i n  1980 (No. 4) has the  highest  weight. 
i n  the  preceding sections i s  1980, and point 4 represents  t he  vehicle i l l u s -  
t r a t e d  i n  f i g .  6. 
The D c l a s s  of  t r a j e c t c r i e s  
The t o t a l  t r i p  times f o r  t h e  I-D p ro f i l e ,  t h e  t r i ang le  symbols, r a g e  
The year discussed 
The weight va r i a t ion  between the  vehicles represented by points  P through 
8 i s  due almost en t i r e ly  t o  the va r i a t ion  i n  t h e  weight of t h e  Earth departure 
stage. Hence a vehicle  designed f o r  1980, t h e  heaviest  i n i t i a l  weight, can 
accomplish t h e  mission with the  specif ied payloads i n  any o ther  year  by simply 
under-f i l l ing the  tank of the  Earth departure stage. An a l t e rna t ive  t o  t h e  
above i s  t o  use  t h e  full capabi l i ty  of t h e  propulsion system t o  decrease the  
t r i p  time, o r  t o  increase t h e  mission payloads as shown i n  f i g .  8. 
The s o l i d  l i n e  of f i g .  8 gives the payload t h a t  can b e  delivered t o  Venus 
While i n  1980 30,000 (excluding 10,000 1bs allowed f o r  an atmospheric probe).  
l b s  can be car r ied ,  i n  t h e  o ther  opportunities this same vehicle could c a r r y  
80,000 t o  100,000 lbs .  Another option to  increasing the  Venus payload i s  t o  
increase t h e  command module weight. For the  1980 mission the command module 
9 
has a weight of 60,000 lbs ;  t h i s  cau ld  be increased t o  80,000 or 100,000 lbs in 
t h e  other opportunities.  
It i s  concluded from this study of t h e  e f fec t  of departure  date  t h a t  a 
standardized vehicle  could be designed t o  perform a Venus orb i t ing  mission i n  
aqy two-year p r i o d .  
Comparison with Mars Missions 
Thus far, Venus missions have been discussed wi th  p a r t i c u l a r  reference t o  
the  most -d i f f i c u l t  opportunity, 1980 (c.f., f i g .  7). Corresponding results f o r  
the  Mars stopover mission, a l s o  with a n  e l l i p t i c  parking o r b i t  and 40 days stay 
time, are presented i n  Table 111, f o r  the eas i e s t  launch year,  1986. 
bas i s  of i den t i ca l  pay1 ads and s tage  performance f ac to r s ,  the  eas i e s t  Mars 
I n  more representat ive years t h e  d ispar i ty  is considerably l a rge r .  
On t h e  
mission weighs 2.4 x 1 0  8 lbs,  o r  is 70% heavier than t h e  hardest  Venus mission. 
The above comparison was based on an o rb i t i ng  mission t o  Mars. 
generalJy fe l t  t h a t  t h e  f inal  objective of a manned f l i g h t  t o  Mars should 
be a manned landing and surface exploration. Such a mission would be s t i l l  
heavier than t h e  orb i t ing  mission and could best  be done using nuclear propul- 
s ion  f o r  some of  t h e  stages.  
consideration, and the orb i t ing  mission can be done f o r  an acceptable weight 
using Apollo l e v e l  technology. This suggests that i n  terms of d i f f i c u l t y  d 
timing, the Venus orbi t ing mission has  a place ahead of the Mars orbi t ing  and 
landing missions. 
It i s  
A manned landing on Venus is  not now under 
CONCLUDING KEMARKS 
A study has been made of t h e  manned orbi t ing stopover roundtr ip  mission 
t o  Venus i n  t h e  1975 t o  1980 t i m e  period.  m e  fo l lmir?g  r e s u l t s  were obtained. 
1. 
2. 
3 .  
A t y p i c a l  t r i p  i n  1980 has the following charac te r i s t ics :  
Total  t r i p  time 565 days 
Stay time a t  Venus 40 days 
Earth atmosphere en t ry  velocity 
Venus parking o r b i t  
47,000 fpa 
Periapae, Venus r a d i i  1.1 
Apoapse Venus radii 20.9 
Time below 3 Venus r a d i i  
I n i t i a l  weight i n  Earth orb i t  for 
2 days 
Apollo l e v e l  of technology 1.L x 106 IbS 
Essent ia l  t o  achieving low i n i t i a l  wei&ts i s  a highly e l l i p a c  
(e - 0.9) parking o r b i t  at Venus. 
adversely a f fec t  information gathering. 
t radeoffs  between parking o r b i t  e l l i p t i c i t y ,  s t a y  t i m e  a t  Venus, 
and weight of observation equipment i s  rewired. 
The e l l i p t i c  parking o r b i t  m a y  
Further study o f  t h e  best  
A Venus mission can be accomplished using Apollo l e v e l  technology. 
S I1 s t q e s  car! possibly be  used fer t h e  Earth departure maneuver. 
One new stage using Earth-storable propel lants  i s  rewired f o r  t h e  
Venus a r r i v a l  and departure maneuvers. 
&. While t h e  Venus orb i t ing  m i s s i o n  can be accomplished using t h e  Apollo 
l e v e l  o f  technology, reductions i n  weight are possible using advanced 
propulsion. 
departure maneuver can reduce the i n i t i a l  gross weight by 30 percent,  
If, i n  addition, OF2--cH& stages a re  used for the maneuvers t o  a r r ive  
and depart Venus, a t o t a l  weight reduction of  50% is  possible.  
A s ing le  vehicle design f o r  the 1980 launch opportunity can accomplish 
the  Venus mission i n  any other  synodic period. 
For example, using a nuclear rocket s tage for  the  Earth 
5. 
6. To accomplish a Mars orb i t ing  mission i n  the e a s i e s t  year would require  
a vehicle  70% heavier than t h a t  for t h e  Venus orb i t ing  mission i n  the  
most d i f f i c u l t  year.  The d i spa r i ty  can be much l a r g e r  i n  o the r  years .  
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TAHX I1 Fayload Weights 
1) Earth Re-entry vehicle" . . . . . . . . . . . .  14,000 l b s  
(includes crew and stored da ta )  
2) Life  Support module" . . . . . . . . . . . . .  66,000 l b s  
4 50 lbs/day 
3)  S c i e n t i f i c  payload t o  Venus a r b i t  . . . . . . .  30,000 lbs 
. . . . . . . .  " 4) Venus atmospheric entry pr obes 10,000 lbs  
Total  payload . . . . . . . . . . . . . . . .  120,000 lb s  
+ 50 lbs/day 
%rom Reference 9 
TABLE: 111 Comparison of Venus Orbiting 
Stopover Roundtrip i n 1 9 8 0  with S i m i l a r  Mars Trip in1986 .  
(Inputs from Tables I & 11. Apollo level of propulsion technology, 
Parking orb i t :  rP/rPLANpT - 1.1, e = 0.9) 
Launch year 
Total  t r i p  time 
Atmospheric entry veloci ty  a t  Earth return,  fp s  
Inbound l e g  time, days 
AV t o  leave  des t ina t ion  planet, mi/sec 
Weight a t  beginning of dest inat ion planet 
departure maneuver, 1 bs 
Stay t i m e  a t  planet ,  days 
AP t o  a r r ive  at des t ina t ion  planet ,  mi/sec 
Weight a t  beginning of dest inat ion planet  
a r r i v a l  maneuver, l b s  
Outbound l e g  time, days 
AV t o  leave Earth orb i t ,  mi/seo 
I n i t i a l  weight i n  Earth o r b i t ,  l b s  
Venus Mars 
1980 1986 
565 451 
48,000 52,000 
320 252 
1.a 2 a35 
197,000 3 94 , 000 
40 2 0  
0.64 0.97 
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2 Command module 
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Venus departure stage hardware 
AVO Welghts 
mi/sec lbs .  
15,250 
66,000 
-07 h,000 
16,000 
1.l.b 86,970 
8,150 
Weight a t  beginning of Venus dewrtun,  maneuver 
S Venus payload 
Supplies for Venus s t r y  
Venus arr ival  s tage propellant 
enus arr ival  s tage hardware 
Yeight a t  beginning of Venus a r r i v a l  tmnauver 
7 Venus atmospheric entry probes 
Supplies far Earth t o  Venus 
6 Earth-Venus midcourr  f u e l  i n  t h i s  stage 
Earth departure s tage propellant 
Earth departure s tage hardware 
I n i t i a l  weight i n  Earth orb i t  
332,000 
10,Ooo 
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-07 12,500 
2.80 930,000 
ll8,000 
Figure 6 - Typical Space Vehicle; 565 Day Venus Orbiting Stopover Round Trip i n  1980, e- 0.9. 40 Day Stay a t  
Venus, Type 11-D Trajectory. 
Other Inputs. 
Apollo Law1 of RopiLsion Technology. See Tables I ud I1 f o r  
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